Introduction
Emulsion science is a multi-disciplinary subject covering chemistry, physics and engineering. The purpose of emulsion science in food industry is to develop food quality and production techniques by benefiting from emulsion principles. Emulsions take place partially or completely in the structures of many natural and processed foods or some foods are already emulsified in certain stages of production (McClements, 2005) . Foods like milk, cream, butter, margarine, juice, soup, cake, pastry, mayonnaise, cream liqueur, coffee creamer, sauce and ice cream may be shown as examples to emulsiontype products (Dickinson and Stainsby, 1982; Krog et al., 1983; Dickinson, 1992; Swaisgood, 1996; Friberg and Larsson, 1997; Charcosset, 2009) . Furthermore, many meat products depend on the presence of emulsions for their properties, as does bread dough, although in both cases the emulsion structures can be extremely complex (Dalgleish, 2004) . Emulsion based food products have important differences in terms of physicochemical and organoleptic characteristics like appearance, flavour, texture, taste and shelf life. For example, milk is a white fluid with low viscosity, strawberry yogurt is a pink viscoelastic gel and margarine is a yellow semi-solid. Production of an emulsion based food product having specific quality characteristics depends considerably on the selection of most appropriate raw materials (for example; water, oil, emulsifying agent, thickening agent, minerals, acids, bases, vitamins, aromas, colorants, etc.) and process conditions (for example; mixture, homogenization, pasteurization, sterilization, etc.) (McClements, 2005) .
In general "emulsion" is described as a structure created through the dispersion of one of two immiscible liquids within the other one in form of little droplets (generally oil and water) (Dickinson,1992; McClements, 2005; McClements et al., 2007; Zhang, 2011) . Emulsions may be divided conventionally into two as water-in-oil emulsions (W/O) and oil-in-water (O/W) emulsions in accordance with their continuous and disperse phases. Many of food emulsions consist of three main zones with different physicochemical characteristics: "disperse phase" generating droplets, "continuous phase" surrounding droplets and interface (McClements, 2005; McClements et al., 2007) . Emulsion molecules are distributed within these phases in accordance with their concentrations and polarities (Wedzicha, 1988) . Nonpolar and polar molecules tend to be located in the oil phase and water phase, respectively, while the amphiphilic molecules tend to be located onto interface (McClements, 2005) . Some examples for phase distribution of different emulsions by transmission electron micrographs could be seen in Figure 1 . (Gutiérrez et al., 2008) .
Food emulsions are complex materials in terms of composition. Composition of an emulsion can be determined considering various aspects like concentration of specific atoms (H, C, O, N, Na, etc.) , molecules (water, sucrose, amylase, β-lactoglobulin, etc.) , molecule groups (proteins, lipids, carbohydrates, minerals, etc.) and components (flour, milk, salt, egg, etc.) (McClements, 1999) . The water phase of a food emulsion plays a significant role in determining physiochemical and organoleptic features. The unique molecular and structural characteristics of water enhance many important functions such as providing dissolving medium and interaction with many water-soluble components (mineral, acid, base, aroma, preservative, vitamin, sugar, emulsifying agent, protein, polysaccharide, etc.) (Dickinson, 1992; McClements, 1999) . Oil phase is another important component since it possesses aroma components in oil-water interface and acts as a solvent for various ingredients, including oil-soluble vitamins, antioxidants, preservatives and essential oils (McClements, 1999) . For determining the characteristic features of food emulsions, it is important to make a comprehensive evaluation of emulsification procedures, emulsion phases, droplet behaviours and emulsifying agent functions. Within this review, it was targeted to summarize the types and roles of emulsions and emulsifying agents used in potential food applications.
Emulsions-Classification and Potential Applications in Food Systems

Macro and micro emulsions
Since many terms are available to describe different emulsion types, it is of great importance to clarify these definitions. Some characteristic features of different emulsion types are stated in Table 1 . Droplet size (or diameter) is one of the most characteristic features of an emulsion for classification, where in every emulsion the droplet size is shaped randomly. The size of the droplets is mostly effective to determine the formation of physical and thermodynamic properties. Typical droplet diameters of conventional emulsions, called as "macroemulsions", range between 100 nm and 100 µm. Macroemulsions constitute the most common emulsion type used in many different forms like milk, beverages, coatings, mayonnaise, dipping sauces, sauces and deserts. Macro emulsions tend to be physically instable especially when they undergo environmental stress (eg. gravitational separation, aggregation, coagulation, Ostwald ripening) (Aoki et al., 2005; McClements et al., 2007; Dickinson, 2009; Peter, 2009; Zhang, 2011) .
Microemulsions are thermodynamically stable and spontaneously shaped in diameters ranging from 5 to 100 nm Zhang, 2011) . In general, researchers consider that nanoemulsions are similar to microemulsions since both of them include typically water, oil and surface-active components and have also similar droplet size. However, nanoemulsions are formed by mechanical force, while microemulsion phases are Solans et al., 2005; Flanagan and Singh, 2006; McClements and Rao, 2011; Zhang, 2011) ., ** The optical properties have been expressed according to significant refractive index values in significant particle concentrations depending on typical oil-water systems.
formed by self-assembly. In other words, a mixture including appropriate amounts of water, oil and surfaceactive components may naturally generate a microemulsion (Moulik and Paul, 1998; Fanun, 2009; Zhang, 2011) . Therefore, the main difference between microemulsions and micro-size emulsions arise from thermodynamic characteristics of emulsion rather than composition Whitesides and Grzybowski, 2002; Zhang, 2011) .
Nanoemulsions
Nanoemulsions are defined as the structures having typically 20-200 nm droplet diameters (Solans et al., 2005) . Nanoemulsion term has been first used by Nakajima et al. (1993) and called by different terms like "miniemulsion" (El-Aasser and Sudol, 2004), "submicron emulsion" (Amselem and Friedman, 1998) or "ultrafine emulsion" (Nakajima, 1997) until today. It is recommended by Solans et al. (2005) to use the term "nanoemulsion" among the other terms, since it clearly describes that droplets are at nano-level and it differs completely from the term of microemulsion. Nanoemulsions are superior to conventional emulsions since they have a transparent and semi-translucent appearance (See Figure 2) , smaller droplet size, they are stable against sedimentation and creaming and they tend to increase bioavailability (Shakeel et al., 2008; Wang et al., 2008; Zhang, 2011; Solans and Solé, 2012) . In addition to their high colloidal stability, nanoemulsions need less than 10% surface-active agent in preparation stages (while this rate is 20% or higher in microemulsions). Furthermore, since nanoemulsions provide a wide surface area, they lead active components to be penetrated quickly (Laouini et al., 2012) . Contrary to thermodynamically stable microemulsions, nanoemulsions are unstable systems which might be exposed to environmental degradation (Solans and Solé, 2012) . The formation and manufacturing control of nanoemulsions require high shear force application in order to cope with surface tension of droplets (Mason et al., 2006) . Since nanoemulsions are non-equilibrium systems, they could not be formed spontaneously and typically energy input of a mechanical device is required (Zhang, 2011) . Thus, in general high-energy methods are used for preparation of nanoemulsions (high pressure homogenizers (Solans et al., 2005; Sanguansri and Augustin, 2006; Zhang, 2011) , microfluidizers (Swientek, 1990; Dalgleish et al., 1997; Guraya and James, 2002; Kwon et al., 2002; Thompson and Singh, 2006; Jafari et al. 2006 Jafari et al. , 2007 and ultrasonic generators (Xia et al., 2001; Sanguansri and Augustin, 2006; Kentish et al., 2008; Li and Chiang, 2012; Chandrapala et al., 2012; Ghosh et al., 2013) . There have been also a number of studies applying low-energy methods for production of nanoemulsions, by using the chemical potential of the components under special conditions (Acosta, 2009; Rao and McClements, 2010; Calderó, et al., 2011; Solans and Solé, 2012) .
Nanoemulsions become increasingly important in food industry as an innovative approach in carrying functional agents like fatty acids, polyphenols, vitamins, natural colorants, antimicrobials, some micronutrients and flavours (Seikikawa and Watanabe, 2008; Mao et al., 2009; McClements and Rao, 2011; Rao et al., 2011; Zhang, 2011; Laouini et al., 2012) . In general oil-in-water (O/W) nanoemulsions have started to be investigated for a while ago and their role in such polymerization reactions as nanoreactors has been searched (Solans et al., 2005) . In previous studies, O/W nanoemulsion systems have been used as a carrier and combiner in food in order to encapsulate w-3 fatty acids in yoghurt (Chee et al., 2005) and ice cream (Chee et al., 2007) . Compared to O/W nanoemulsions, water-in-oil (W/O) nanoemulsions are the types which have started to be examined recently and have a more limited study area (Solans et al., 2005) . Therefore, it could be concluded that O/W nanoemulsions offer a good potential in food applications especially for encapsulation purposes. It is necessary to understand basic physicochemical characteristics of food nanoemulsions in order to provide key-information to increase the applicability of nanoemulsion in foods and to guide better formulations (Zhang, 2011) .
Multiple emulsions (multiplex/double/multilayered emulsions)
A multiple emulsion is described as "emulsion of an emulsion" (Benichou et al., 2004 (Benichou et al., , 2007 Muschiolik, 2007; Dickinson, 2011) . In multiple emulsions, an emulsion structure is formed, where water-in-oil (W/O) and oil-in-water (O/W) morphologies exist together. Multiple emulsions have two main types as water-in-oilin-water (W/O/W) and oil-in-water-in-oil (O/W/O) (Dickinson, 2011) . In a conventional single layer emulsion there are only two mass phases and one oilwater interface. However, in a multiple emulsion there are three different mass phases and two oil-water interface. In a W 1 /O/W 2 type emulsion, W 1 and W 2 constitute internal water phase and external water phase, respectively. In such type of emulsion there are two different interface layers: W 1 -O layer surrounds internal water droplets and O-W 2 layer surrounds oil droplets . Since there are two types of interfaces in multiple emulsions, typically two different emulsifying agents (EA) should be incorporated in the structure. The first one is used to stabilize internal droplets (primary emulsion) and the second one is used to stabilize external droplets (secondary emulsion) (de Cindio et al., 1991; Dickinson, 2011) . Evaluating the solubility characteristics, a fatsoluble EA and a water-soluble EA are needed to stabilize internal water droplets and oil droplets, respectively .
Multiple emulsions are very complex and thermodynamically unstable dispersion systems which tend to flocculate, aggregate and creaming in practice (Benichou et al., 2007; Charcosset, 2009 ). Due to osmotic pressure gradient, water transition is seen from one aqueous phase to another through oily membrane; in this situation when the internal phase has lower osmotic pressure than the external phase, shrinkage occurs in the inner droplets. Conversely, when the internal phase has a higher osmotic pressure than the external phase, swelling occurs in the inner droplets (Dickinson, 2011) . Therefore, it should be targeted to form stable emulsions benefiting from appropriate equipment and emulsifying agents. Muschiolik (2007) stated that depending on the emulsification method and the emulsion composition, multiple food emulsions can be stable for a long time.
In preparation of W 1 /O/W 2 emulsions, a standard twostep method is used: in the first step, water, oil and EA are homogenized using a lipophilic emulsifying agent (EA) to prepare a W 1 /O emulsion. In the second step, using a hydrophilic EA, EA and W 1 /O emulsion are added to aqueous solution and homogenized to form W 1 /O/W 2 emulsion (see Figure 3) Dickinson, 2011) . The main molecular and colloidal factors affecting the coalescence stability of the inner and outer droplets are essentially the same as those for simple W/O and O/W emulsions, respectively. But complexity in W/O/W emulsions arises from the tendency of emulsifiers with different hydrophilic-lipophilic balance to have destabilization effect on each other. Ideally, lipophilic emulsifier is expected to be positioned completely in water-oil interface. However, in practice lipophilic emulsifier should be present at higher amounts in the oil phase in order to make the primary emulsion droplets sufficiently small. In this way solubility and mass transfer of water-soluble compounds through the oily membrane increase at higher rate, but since a part of remaining lipophilic emulsifier transports into water-oil interface, it affects the stabilization mechanism of secondary hydrophilic emulsifier negatively (Dickinson, 2011) . Apart from this, it was reported that both oil molecules themselves and active materials tend to diffuse from internal phase to external phase due to osmotic pressure difference (Benichou et al., 2004 (Benichou et al., , 2007 . Therefore, adjustment of stability balances in primary and secondary emulsions is of great importance in formation of multiple emulsions.
Multiple emulsions are used extensively in the encapsulation of active components in medicine, pharmacy, cosmetics and biomedical sciences (Charcosset, 2009; Dickinson, 2011 (de Cindio et al., 1991; Garti, 1997; McClements et al., 2007; Choi et al., 2009; McClements et al., 2009; Dickinson, 2011) . By this way, W/O/W emulsions have been stated to be a useful strategy in masking off-flavours and controlling the release and protection of labile ingredients (Bou et al., 2013) . Since multiple emulsions offer the opportunity to enclose nutritional and bioactive compounds, and these emulsions could be used as food ingredients, they offer an interesting approach among the technological strategies used to optimize dietary active components in new food systems such as functional foods (Jiménez-Colmenero, 2013) . Thus the second strategy of W/O/W emulsion applications is to allow the production of the products which are healthier and low-fat (de Cindio et al., 1991; Garti, 1997; McClements et al., 2007; Choi et al., 2009; Dickinson, 2011; Bou et al., 2013; Serdaroğlu et al., 2013a) . As known, in recent years low-fat products are demanded increasingly by reasons of consumers' consciousness level on foodstuffs, change in their expectations, their tendency towards healthier products and tendency to decrease various disease risks. Therefore, W/O/W emulsions constitute an innovative approach in low-fat food production. The concept here is to lower the oil content of a conventional O/W emulsion by replacing it with an equivalent W/O/W emulsion of similar perceived fat content (Dickinson, 2011) . As reported by Jiménez-Colmenero (2013), it should be possible to produce reduced-fat products with similar physicochemical and sensory properties as full-fat products. W/O/W emulsions are stated also to have other favorable effects like developing taste (de Cindio et al., 1991) and preventing oxidation (Choi et al, 2009; O'Regan and Mulvihill, 2010; Serdaroğlu et al., 2014) since it includes water in external (i.e. continuous) phase. There have been patented studies on the use of W/O/W emulsions in salty creams (salt-encapsulated) and aromatic mayonnaises (flavour-encapsulated) (de Cindio et al., 1991; Garti, 1997) . Márquez and Wagner (2010) reported that a double emulsion can work as a reduced-fat substitute for whipped dairy cream. Lobato-Calleros et al. (2006 , 2008 carried out studies about low-fat (decreased oil content up to 26%) white cheese production by using W/O/W emulsions including canola oil stabilized with some hydrocolloids without causing considerable difference in sensorial, textural and rheological properties as compared with control groups. In a similar research, oil-reduced (decreased to 13.2%) Mozarella cheese was produced by utilization of W/O/W emulsions formed with corn oil and hydrocolloids where the samples with W/O/W emulsions were featured to be harder and stickier to be resistant to external force, with developed cross-link structure and tensibility of proteins compared with control groups (Xu et al., 2011) . The results of a study about lowfat yoghurt production showed that in W/O/W emulsion groups formed by using canola oil and carboxymethylcellulose (CMC) or pectin, the oil content was decreased up to 0.56% in CMC and 0.52% in pectin groups, in comparison with the oil content of 2.95% in control group (Lobato-Calleros et al., 2009) . In a study targeted to characterize multiple emulsions and evaluated their utility as pork backfat replacers in meat gel/emulsion model systems, the W/O/W emulsions prepared with olive oil, PGPR (polyglycerol polyricinoleate), sodium caseinate and whey protein concentrate showed a welldefined monomodal distribution, good thermal stability with no creaming and the meat systems had good water and fat binding properties irrespective of formulation . Bou et al. (2013) stated that it could be possible to produce a W/O/W emulsion as a lowfat food ingredient for the meat industry that is stable to environmental stresses typically occurring in the food industry. Serdaroğlu et al. (2014) reported improved quality characteristics in model system meat emulsions manufactured with W/O/W emulsions containing olive oil, PGPR, sodium caseinate or egg white powder, in terms of emulsion stability, oxidation and storage, meanwhile W/O/W emulsions were suggested to have a good potential to be used in meat emulsions as animal fat replacers and to allow production of low-fat and fatty acid composition modified meat products. According to these data, it could be concluded that utilization of W/O/W emulsions offers a considerable opportunity in low-fat food production, without causing quality defects in the structure of products. Figure 3 Multiple emulsions (W/O/W) are usually produced using a two-step procedure: (i) primary homogenization: an oil and an aqueous phase are homogenized together in the presence of an oil-soluble emulsifier to form a W/O emulsion; (ii) secondary homogenization: the W/O emulsion is homogenized with a water phase in the presence of a water-soluble emulsifier to form a W/O/W emulsion. Homogenization may be carried out using a variety of devices (McClements, 2012) .
Emulsifying Agents
Emulsifying agents (EAs) are very important ingredients having an essential role to ensure emulsification and stability in the formation of emulsions in aqueous solutions (Krog and Sparso, 2004; McClements, 2005) . EAs are amphiphilic molecules including both hydrophilic and lipophilic parts (Zhang, 2011) . EAs are surface-active compounds being absorbed on the surface of droplets and ensuring kinetic stability in a certain period by being added into emulsion before or after homogenization (McClements, 1999; . Components like thickening agents and stabilizing agents used in the formation of emulsions are different and shouldn't be confused with the term of emulsifying agent. Thickening agents typically increase the viscosity in the continuous phase of emulsion and limit the movements of droplets and develop emulsion stability in this way. Stabilizing agents are used to increase the stability provided by both emulsifying agents and thickening agents (McClements, 1999) .
The principal effects of emulsifying agents could be listed as follows:
 To decrease the interface tension between wateroil phase or water-air phase and to create an interface membrane by providing structural or electrostatic interactions between droplets,  To decrease the required amount of energy for the degradation of coarse particles and thus to ensure the formation of smaller droplets,  To prevent coalescence by creating a protective layer surrounding droplets,  To provide additional functions like modifying oil crystallization, making interactions with carbohydrate components, forming films and controlling the transport of oxygen or moisture (Krog and Sparso, 2004; McClements, 1999; McClements, 2005; Zhang, 2011) A number of food components exhibiting the mentioned characteristics (e.g. lecithin, proteins, gums, modified starches, phospholipids, etc.) could be used as EAs. However, these components vary considerably in terms of their molecular structure, which influences their ability to form and stabilize emulsions, as well as withstand environmental stress, such as variations in ionic strength, pH and temperature (Zhang, 2011) . One of the common problems encountered by researchers is to form stable multiple emulsions with food-grade EAs instead of synthetic surface-active components and polymers. In order to ensure stability in non-food emulsion products, utilizing sorbitan esters and synthetic co-polymers is a common and simple method. In order to develop emulsion applications in food, researchers mainly focus on the usage of food proteins and polysaccharides (Kanouni et al., 2002; Benichou et al., 2007; Dickinson, 2011) . In conventional emulsions having the opportunity to be used as fat-replacers in meat, some food-grade ingredients have been utilized to improve stability and functional properties (Delgado-Pando et al., 2010 (Evison et al., 1995; Vaziri and Warburton, 1994; Fechner et al., 2007; Hemar et al., 2010; O'Regan and Mulvihill, 2010; Sapei et al., 2012) , caseinate (Su et al., 2006) , whey protein (Knoth et al., 2005; Kim et al., 2006; Hemar et al., 2010) , bean protein (Koberstein-Hajda and Dickinson, 1996) , gum acacia (Vaziri and Warburton, 1994; Su et al., 2008) , xanthan gum (Evison et al., 1995) , gelled starch (Iancu et al., 2009 ) have been utilized. PGPR is known as a synthetic and strongly lipophilic emulsifier widely used to stabilize both W/O and W/O/W emulsions Su, 2008; Lutz et al., 2009; O'Regan and Mulvihill, 2010; Pawlik et al., 2010; Xu et al., 2011; Zhang, 2011; Sapei et al., 2012; Öztürk et al., 2014) . The use of additional emulsifiers, like sodium caseinate has been suggested as a strategy to reduce the amount of PGPR (Gülseren and Corredig, 2014) . Providing a synergistic effect by using these emulsifiers, it is possible to decrease total PGPR content up to 75% (Su et al., 2006; Dickinson, 2011) . Colloidal particles of many polysaccharides such as carrageenan, locust bean gum (Suzuki and Lim, 1994; Benna-Zayani et al., 2008; Perrechil and Cunha, 2012) , xanthan gum (Benna-Zayani et al., 2008) , pectin (Kim et al., 2006; Lobato-Calleros et al., 2008; Murillo-Martínez et al., 2011; Xu et al., 2011) , gum arabic (Lobato-Calleros et al., 2008; Xu et al., 2011) , whey protein isolate (Murillo-Martínez et al., 2011) , sodium caseinate (FraschMelnik et al., 2010; Perrechil and Cunha, 2012; Serdaroğlu et al., 2014) , egg white powder Serdaroğlu et al., 2014) and microcrystalline cellulose (Oza and Frank, 1989; Kim et al., 2005) have been utilized serving as thickening/gelling agents in stabilizing the droplets of secondary emulsions, i.e. external phase of multiple emulsions. It could be possible to ensure optimum stability by selecting and using appropriate proteins and polysaccharides together in primary and secondary emulsions to obtain a synergistic effect. Since the convenience of EAs used, the formulation and composition of the emulsion and the emulsification methods are main effective factors on stability issues, by taking all of these points into account, it could be possible to obtain acceptable emulsions protecting their structural stability for a desired time.
Conclusion
In recent years, conventional or multiple emulsions produced in different scales (macro or nano sizes) have been drawing ever-increasing interest in food industry due to their innovative usage area. Nano-sized emulsions have a great potential since they allow to carry functional and sensitive agents in food. Multiple emulsions offer good alternatives in encapsulating various aromas, bioactive or sensitive food compounds and promotes the production of low-fat and healthier products. It seems possible to improve many desired quality characteristics by benefiting from potentials of emulsions in food. For this purpose, it becomes important to better understand the biochemical mechanism of the formation and stability issues of emulsions, the role and combined effects of emulsifying agents and to determine most appropriate methods in preparing emulsions.
